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BLAST FURNACE operators at Jantsltecipur have
to face a peculiar prol:_lein arising out of the
high concentration of it ilnina in the slag. The
normal analyses are 37.3-37.8% CaO, 3.4-3.9% MgO,
30.4-31.5% SiO2, 26.2-27.0% A1LO3, 0-69-0-78% FcO
and 0-69-0-82% S. The actual level, i.e. 26 to 28%
is much higher than that common elsewhere and
brings into force a series of adverse effects. Briefly,
these consist of the greater viscosity of the alumina
slags, greater tendency towards silicon reduction, and
less efficient desulphurisation. As a result, it becomes
rather difficult consistently to produce low-sulphur
hot metal without exceeding the silicon level normally
specified for basic iron.
In order to overcome the principal difficulties
introduced by the high alumina contents two possible
remedies suggest themselves : the first is the dilution
of alumina to lower concentrations by additions of
extra slag-forming materials, and the second involves
the use of a suitable flux to counter the specific
effects of alumina. Of these, the first method cannot
be recommended because it would involve extra flux,
extra coke and lower production rates and thus
increase the cost of metal considerably. It is there-
fore used in local practice more as an occasional
remedy ; silicious banded-haematite-quartzite is intro-
dnced in the ore burden for this purpose. The second
alternative is, therefore, more attractive, and dolomite
is the obvious choice for the Jlux since, the physical
effects of increased magnesia contents are just the
opposite to those of alumina. Hence, a series of extensive
trials were carried out to ascertain the specific influence
of incorporating various proportions of dolomite in
the burden. The results of these campaigns are dis-
cussed here with specific reference to use of dolomite
for high-alumina slag operation.
Origin of high alumina contents
Since the occurrence of such high proportions of
alumina is rather uncommon, it is pertinent to discuss
the main sources of alumina as found in local practice.
For a typical burden' used for the production of
1.25% Si iron, one can compute the contributions
made by various raw materials, as follows
Ore
Contribution
Coke Limestone
Total input,
ibicon of
metal.
A1203 60.6 36•o 3-1 325
Si02 45.6 45.0 7.7 417
CaO ... 4.2 95-8 380
It is thus seen that the ore mix represents the major
source of alumina and the influx of high ash from
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FIG. 1- EFFECT OF ALUMINA/SILICA RATIO IN THE ORE
MIX ON SLAG ANALYSIS.
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the coke serves to decrease the final concentration
of alumina in the slag. That the ore mix is in fact
the major source is further emphasized by the correla-
tions in Fig. 1, which shows that the steady rise in
the alumina content of blast furnace slags at
Jamshedpur over a period of 25 years2 is clearly the
result of the increased alumina/silica ratio in the
ore mix. The high values of the correlation co-
efficients of the two regression lines drawn in the
diagram prove that the relationships are quite
significant.
Effects of high - alumina contents
The principal effects of high-alulnina contents have
been enumerated at the outset and it now remains
to dilate on only those directly concerned in the
evaluation of the results of the dolomite trials,
namely, the control over silicon and sulphur con-
tents of the metal . Other aspects of high-alumina
slag operation are described fully in recent
papers2' a to w hich a reference may be made.
The tendency to produce higher silicon metal
with increasing concentration of alumina in the slag
may be explained on the basis of results of equili-
bration experiments of Chipman Ind co-workers-1.
For example, as seen from Fig. 2, an increase in
the alumina content from 10 to 20% causes a
rise in the equilibrium concentration of silicon from
about 130/,' to 16°x. That these results of labora-
tory experiments are substantiated by operation
data, where equilibrium is not attained, is vindi-
cated by Fig. 3 based on local practice. It is clear
from this diagram that the average silicon content
has gradually risen over the recent years as a result
of the rise in the alumina content of the slag. It
should be mentioned here that the basicity ratio
has not been altered significantly during this period
and hence the observed effects can be attributed
directly to the alumina contents of the slags. A
better appreciation of the problem is had by exa-
mining not only the average silicon content, as in
Fig. 3, but the percentage distribution of casts
according to their silicon contents shown in Fig. 4.
Here any particular point represents the frequency
of occurrence of casts in the appropriate ranges of
silicon from all the casts made in each month.
Though there is a considerable scatter in the points,
arising from the effects of numerous operational
variables, the overall influence of alumina content
is distinctly evident. It is seen that an increase
in alumina content lowers the frequency of casts
containing up to 1.30%1 Si and also up to 1.40% Si
on the other hand it increases the tendency for
higher silicon contents in the metal.
Unpublished work by the Statistical Dept ., T.I.S.Co., on
"Statistical evaluation of the effect of changes in the com-
position of blast - furnace raw materials on pig iron quality
and furnace operation during the period 1939--1955".
H. Schrader- Trans . Ind. Inst . Metals, 4 (1950) pp. 25-63.
H. Schrader and P. Mehta-Tisco 2 (1955) pp. 193-196.
J. C. Fulton, N J. Grant and J. Chipman-Trans. Amer.
Inst. Min . Met. Engrs ., 197 (1953) pp. 185-190.
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FIG. 2- SILICON DISTRIBUTION CURVES AT 1600'C FOR LIQUID
IRON - SILICON - CARBON ALLOYS SATURATED WITH
GRAPHITE AND IN EQUILIBRIUM WITH LIME - 51LICA-
ALUMINA SLAGS UNDER 1 a4m . OF CARBON MONOXIDE,
ACCORDING TO J.C . FULTON, N.J GRANT AND T.CHIPMAN.
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-CORRELATION BETWEEN THE ALUMINA CONTENT
OF SLAG AND THE SILICON CONTENT OF IRON .
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Turning to the yuestiui of desullthurization, an
catalysis of operation data, over several years shows
that there is a perceptible deterioration in sulphurs
Wit ht rising alumina cotrtcntS. as sho^\ n I Fig. 5.
Here the casts were first grouped according to
their silicon contents, curd the average sulphur eon-
tent of only those casts during a month, falling in
any partir•tilnr rtn)e of silicon, is Plotted as a
function of the alumina content of the slag. '.Phis
method of grouping the casts wore adopted to
atdjust fur the itttcnlepcndence 1etlseen silicon and
sulphur. The results (Fig. :I) slto v that for any
particular rouge of silicon, i.c. for given conditions
of teatperature, intensity of reduction, slag basicity
etc., an increase iii the aluuliuit eoutent of slag
the average sulphur cuntent of metal.tends to raise
This effect of xtluu11110 caxu be explained ou physico-
chemitical Ininciples by reference to Fir. fi and iIlii
based on. lahnratorv invest igatiuns. f t is seen that
not only is the eduilibriunt distrihutious of sulphur
adversely :affected (Fitt. 6) by rising alumina but
the rate? of attaining such a distribution is
markedly slower (Fin. 7). It is proha.ble that the
fluence, i.e the loxver rate of sulphur pick-latter in
up by the slatg, is more critil atl in practice because
it is well Inman that sulphur etluilihinum is nut
at,tained8 within the blast furnace.
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G. G. Hatch and J. Chipman-ibid, 185 ( 1949) pp . 274-284,
L. C. Chang and K. M. Goldman-ibid, 176 (1948) pp. 309-
327.
E. W. Filer and L. S. Darken -ibid, 194 11952) pp. 253-257.
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FIG.7- EFFECT OF ALUMINA CONTENT ON THE RATE OF SULPHUR
DICK-UP BY SLAGS HAVING BASIC17IES OF 1.08-1.12 ,
ACCORDING TO L-C . CHANG AND K.M.GOLDMAN . RATES OF
SULPHUR PICK-UP ARE SHOWN FOR TWO LEVELS OF SULPHUR
IN SLAG.
Effect of dolomite additions on
hot-metal quality
Having discussed the effects of high-alumina slags
on metal analyses, it becomes obvious that the
principal objective of using dolomite in the flux is
to obtain lower silicon contents in hot metal with-
out any deterioration in the sulphur distribution.
In order to study whether this was indeed achieved,
the trial was divided into four periods according to
the four levels of dolomite ,oldition as follows :
Period Dolomite in flux,Nominal Actual
1-30th June '57 ... 20 20.7
1-31st July '57 ... 30 30`3
1-17th August '57 ... 40 41.6
18-31st August '57 ... 25 24.3
The data collected in the trial were further supple-
mented by continuous operation on 7-12% dolomite
during 1958 and these results are evaluated below.
A rough idea of the influence of dolomite burdens
on the silicon distribution can be had from Fig. 8,
where the cummulative silicon gradings of casts on
all furnaces are compared during the trial period.
Only the B furnace was operated with dolomite
additions and it is clear that metal from this furnace
was distinctly lower in silicon than that produced
in other furnaces operating without dolomite. The
fact that there was no such permanent tendency
IGOO
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for producing lower silicon metal in the B furnace
during May and September proves that the observed
shift to lower silicons can be attributed to the use
of dolomite. Further evidence regarding the effect
of dolomite on silicon distribution is afforded by
Fig. 9 where the frequencies of occurrence of casts
within various ranges of silicon are plotted as func-
tions of the magnesia content of the slag. With
an increase in the magnesia content, there is a
significant increase in the frequency of low-silicon
casts. The trends in this diagram are just the
opposite of those in Fig. 4 showing a tendency
towards higher silicon with rising alumina content of
slag. Though the two sets of diagrams cannot be
strictly compared because the points corresponding
to 7-8% MgO in the Fig. 9 pertain to high-dolomite
burdens resulting in a dilution of alumina to about
24.5-25%, the general trend of results proves that
an increase in the magnesia content to about 5.5 or
6.0% can effectively counter the adverse influence
of high-alumina.
While the first objective of producing low silicon
metal is thus easily attained by adding dolomite in
to
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OF CASTS WITH. DIFFERENT FLANGE OF SILICON CONTENT,
only accidental because later operation on partly
dolomitic burden did not show any such behaviour.
It slnInId also be mentionecl here that though the
lower temperature of metal niay be expected to
account for tax greater proportion of lower silicon
casts, produced with dolomitic burdening, the trend
to lower silicon cannot be fully explained in this
way. This is suggested by the statistical evaluation
of the interdependenec of silicon coot eut, and tempera-
tine during the trial rim. The results showed ( Fig. 11)
that operation with 211, 14t and 40°/s dolomite in
burden tends to give sliglttlvv higher silicon content
for the same temperature than that founds in normal
practice. This inav be partly attributed to the
greater fluidity of the higher-magnesia slags without
any significant rise in basicity.
Effect of dolomite additions on
slag characteristics
The foregoing study of the intlitcuce of dolomitic
burdening shows conclusively that it improves the
quality of the hot metal. But similar analysis of
the effects on the properties of slag, would only
mean restating the fundamental assumptions since
a06
CJS
0'04
the flux, the second aim of holding down the sulphur
content is also satisfied as shown in Fig. 10. In
fact, it is seen that there is a significant improve-
ment in the mean sulphur content of metal, with
a given range of silicon, as the percentage of magnesia
or dolomite is inc reased. It is probable that the
major portion of this effect is caused by the greater
fluidity of the high-magnesia shags. As in the case
of silicon distributions, the effect of increased magnesia
(Fig. 10) is opposite tci that of alumina (Fig. 5),
and thus operation with partly dolomitic burden
is advantageous for the control of both silicon and
sulphur.
In this discussion of metal quality, it is important
to evaluate the variation in metal temperature also
since this is related to the silicon content. Observa-
tions on all the four furnaces during the trial period
showed that while the average temperature of the
B furnace casts was about 5-15°C lower than those
obtained from other furnaces operated without dolo-
mite additions, the minimum values for the B furnace
were significantly lower, by about 40°C in some
cases, than the minima recorded on other furnaces.
These swings to lower temperatures were, however,
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FIG. 10- EFFECT OF MAGNESIA CONTENT ON THE AVERAGE CONCEN-
TRATfON OF SULPHUR IN CA575 HAVING DEFINITE LEVELS
OF SILICON.
9 P. Mehta and V. G. Paranjpe -Tisco, 4 (1957) pp. 95-99.
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two diagrams in Fig. 10. The positions of the
points corresponding to the various stages in the
trial show that the maximum lowering of the
liquidus temperatures is obtained with 20% to 30%
dolomite in the flux, the decrease of temperature
being of the order of 40-70°C. With 40% dolomite,
the liquidus temperatures are only about 10-20°C
lower than those corresponding to normal practice.
These observations are in full accord with the fact
that burdens with 40% dolomite in the flux were
not as amenable to good practice as those with
20, 25 and 30%.
As a result of the lower liquidus temperatures,
the slags produced in the trial were more fluid and
did not present the difficulties usually encountered
with high-alumina slags.
Conclusions
2o9.
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FIG.ll- EFFECT OF DOLOMITE ON THE CORRELATION
BETWEEN TEMPERATURE AND SILICON CONTENT.
the suggestion for the use of dolomite arises from
the influence of magnesia on the liquidus temperatures10
in the system CaIO-MgO-A1203-Si02. Slags with lower
liquidus temperatures may be obtained with partial
additions of dolomite. Fig. 12 shows the ternary
sections at 25 and 30% A1203 representing the
limits of alumina contents encountered in local
operation. On these diagrams, the slag compositions
obtained in normal practice, i.e. without dolomite,
and during the various periods of the trial are
plotted after adjusting the lime and magnesia con-
tents to yield a total of 100% for A12O3+SiO2+
CaO+MgO. It may be seen from the sections that
with normal operation, the slag composit corresponds
to a liquidus range of 1,480-1,5211°C with 25;1; A1203
and 1,500-1,525°C with 30% A1203. This clearly shows
the main reason for the difficulties encountered in
local practice when the alumina content increases
beyond 25%. Since the actual level of alumina is
about 27-28'', the liquidus temperatures for normal
practice can be expected to be about 1,490-1,520°C
for the quarternary slag. The presence of other
oxides will lower this value by about 75-100°C ;
but this lowering may be taken to be approxi-
mately the same for normal and high- magnesia
slags and hence only the temperatures for the
quaternary system can be used for the purpose of
comparison.
The effect of dolomite addition on slag character-
istics during the trial may be examined from the
Io E. F. Osborn, R. C. DeVries , K. H. Gee and H. M. Kraner-
Trans. Amer . Inst. Min. Met. Engrs ., 200 (1954) pp. 33-44.
An extensive trial was conducted to ascertain
whether partial substitution of limestone by dolo-
mite would offset the adverse influence of high-
alumina contents found in local blast furnace slags.
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The results proved that the addition of up to 30%
dolomite gave encoliras;ing re^4ults from the points
of view of silicon and sulphur contents of metal
and slat, characteristics. 't'hus it aprears that the
addition of dolomite has a special advallhu-'e -with
high-alumina shags compared to the eoniparatively
lower degree of benetits derived" when the alumina
contents are of the usual order of 10-201) o). This
special feature is obviously the direct consequence
of the greater need of iniprlving the fluidity and
other characteristics of Irigli-alumina. slags.
T. H. Kennedy and A. W. Thornton-Year book Amer.
Iron Steel Inst . (1949) pp. 222 242.
DISCUSSIONS
Mr. S. R. leas, Hindustan Steel (P) Ltd.,
Rourkela : I would like to know if the authors
have carried out any stud; of the coke rate by
increasing the amount of '.s1 , ,O in the slag.
Dr. V. G. Parnjpe (Author) We have studied this
aspect quite a bit. In general, there is a slight
increase in the coke requirement owing to the
increase in slur; volurne . However, this alone is not
the deciding, factor since the overall economics is
deternriiced In' the consistency If prndnction rates,
iron (fnality , coke rate . and other operational factors.
Mr. T . Arishn(atip (1, i1I,1/sore Iron ( 11111 Steel 11-orkw,
Bhculraruti : 1Vill the authors please let rile know
the alumina content before additicnr of dolomite and
after its cdditioci ?
1)r. V. G. l' ( ow-njpe (.-( ulhor) \A'itfr about 400"
dolomite in the burden , the aluniina content went
down in some cases to as la)'v a figure as 25%,
but that nn as the minim um . The rwrnial alumina
with 40°/11 dolomite was about 26-11 to 26 .2. With
about 20 % dolomite , alumina ranges betwceu 2i•5
and 27•S°/
Dr. U. P. Chatterjee , 1) urr/epur l helieve Tata.s
had an ore dressing plant to reduce the alumina
silica ratio . Could 1)r. I'nranj [ re tell its what are
tile prospects of dressing such high alumina iron ores
in India ?
])r. V. G. Paranjpe (-Hither ) : D[ueh depends on
tlre type of ore a vailable. If 1)r. ('hatterjee is
referring to the \aomundi ore which has a high
alumina : silica ratio, I think it is fairly well
known that the washing of such an ore does not
lower the alccniina/silica ratio because it removes
uun•e silica than alumina.
DALMIIA IRON & STEEL LIMITED
F.O. SUKCHAR, ( 24 Parganas ) WEST BENGAL
Regd. Office :
P.O. RAJGANGPUR (Orissa State)
Offer their services to meet your requirements of All Types of
CASTINGS
including
Ord inary and special Alloy Steel, Heat Resisting Steel,
Manganese Steel, Wear Resisting Steel & Grinding Media
Manufactured under supervision and in collaboration of
Messrs. Les Tonderies Magotteaux, Vaui-Lez-Liege (Belgium)
AND
Spigot & Common Socket Spun Iron Pipes
with centering ring cast integrally
in 18' length and 6" to 24" diameter.
Each piece tested hydraulically at 500 lbs. pressure per sq. in.
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